A bstract. In experimental animals, immune responses to certain antigens are regulated by immunoglobulin allotype-linked genes. In an effort to detect such genes in humans, we examined the antibody responses of 74 healthy children with different Km(l) or Gm(23) allotypes to a Haemophilus influenzae type b vaccine (type b polysaccharide capsule-pertussis vaccine). The anticapsular antibody responses of black or white children with the Km(1) allotype were 4.6-to 9.5-fold higher than those of children who lacked this determinant (P < 0.004). No significant differences were found in antibody response with respect to the Gm(23) allotype. The frequencies of Km(l) and Gm(23) also were examined in 170 patients with Haemophilus meningitis, 71 patients with epiglottitis, and 173 control children. Km(1) was detected less frequently in black patients with meningitis (38%) than in those with epiglottitis (81%, P < 0.002) or in controls (66%, P < 0.0007). The relative risk of meningitis thus was 3.2-fold lower among black children with the Km(1) allotype than in those who lacked this allotype (odds ratio = 0.3, 95% confidence interval 0.2 to 0.6). However, the risk of meningitis was not decreased in white children with the Km(l) allotype (odds ratio = 1.0). There were no significant differences in the frequency of Gm(23) among the patient groups and controls. The Km(l) allotype but
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Considerable evidence from studies of inbred strains of mice indicates that immune responsiveness is under genetic control (for examples, see references 8 and 9). A large number of immune response genes have been described in laboratory animals. The majority are linked to the major histocompatibility complex (8, 9 (1 9a) is an important virulence determinant (20, 21) . Nearly all invasive Haemophilus disease in children is caused by type b organisms (1) (2) (3) , and organisms that have lost their capsule are no longer pathogenic in experimental animals (20, 21 (7). A 0.5-ml dose containing 10 gg of the type b capsular polysaccharide and four opacity units of pertussis vaccine (PRP-pertussis vaccine) was administered intramuscularly. The vaccine (lots 7-1374-016A, 026A, and 039A) was supplied by Lederle Laboratories (Division of American Cyanamid Co., Pearl River, NY). Characterization of the vaccine (27) and its immunogenicity in laboratory animals (27, 28) and humans (7, (29) (30) (31) (32) IgG and IgM anti-PRP antibody were measured by an enzymelinked immunosorbent assay using type b capsule-tyramine as described (7) . Alkaline phosphatase conjugated goat anti-human IgG or IgM (heavy chain specific, Sigma Chemical Co., St. Louis, MO) were used for Ig detection. Titers were determined graphically as the reciprocal of the serum dilution producing an absorbence of 0.3 as described. For IgG the assay was considered complete when wells containing a 1:5,000 dilution of a standard human serum containing 35 qg/ml of anticapsular antibody reached an absorbence of 0.3. For IgM, a 1:300 dilution of a serum containing 6.6 ug/ml was used. In previous studies, replicate values obtained in assays performed on different days agreed within a onefold dilution in 90% of samples (7) .
Total IgG and IgM concentrations were measured in serum samples obtained prior to immunization from the 56 children in St. Louis using the technique of radial immunodiffusion (ICL Scientific, Fountain Valley, CA).
The Km( 1) and Gm(23) immunoglobulin allotypes were measured using techniques of hemagglutination inhibition using reagents and methods that have been described in detail (35, 36) . The assays were performed on serum samples that had been stored frozen at -70°.
The serum samples were coded and the clinical status of the subjects was not known to the technician or investigator.
Statistical analysis. Statistical analysis was performed using SPSS software (37) on a Harris 500 computer (Harris Corp., Melbourne, FL). The frequencies of the Km(l) or Gm(23) allotypes among the patients and controls were compared using the chi-square test. Odds ratios and 95% confidence intervals were calculated according to the method described by Haldane (38) . A t test for unpaired samples was used to compare the geometric mean concentrations of antibody in vaccinees grouped according to Km(l) or Gm(23) immunoglobulin allotype status. Age is correlated with immune response to the type b polysaccharide (24) . Because subjects with different allotypes were not individually matched for age, covariance analysis of the group data was used. Accordingly, differences in group geometric means [e.g., between Km(l) positive vs. Km(l) negative children] were tested by statistically removing the linear effect of age (the covariate). This is equivalent to testing for a difference in means of residuals. The residuals are the difference of the actual immune response values and a regression quantity based on the associated age variable (39) .
Results
Km(1) allotype and response to immunization. In a previous report the antibody responses of infants from Jamaica immunized with type b polysaccharide-pertussis vaccine were examined (29) . In a pilot study for the present work, we measured Km(l) allotypes in serum samples remaining from nine black Jamaican infants who had been immunized at 2, 4, and 6 mo of age. (Serum samples from the children in Jamaica were kindly provided by Christine Williams, MD, Lederle Laboratories, Pearl River, NY.) As shown in Table I , we found that children with Km(1) allotype had sixfold higher anticapsular antibody concentrations one month after the third injection of vaccine compared with the responses of those who lacked this allotype. This difference was not statistically significant (P = 0.09) but the sample size was small and the statistical power to detect a difference was limited. The data were sufficient to stimulate us to examine this same question in a larger group of children immunized with this vaccine in the United States. Therefore, we determined Km(l) and Gm (23) allotypes in children 9-30 mo of age living in St. Louis, MO, or Danbury, CT, who had received one injection of vaccine (Table I) . We found that there were no significant differences in the serum concentrations of antibody before immunization between children who were Km(l) positive and those who were Km( 1) negative. However, 1 mo after immunization, the anticapsular antibody concentrations were 4.6-to 9-fold higher in those with the Km( 1) allotype (P < 0.04 for black children and P < 0.03 for white children, analyzed separately; t test). Because of the range in ages of these children, we performed an analysis of covariance in which we removed the effect of age at the time of immunization. The probability values for the main effect due to Km(l) on response to vaccine were 0.04 for black children, 0.06 for white children, and 0.004 for black and white children analyzed together.
In an effort to characterize further the antibody responses of Km(l) positive and Km(l) negative children to type b polysaccharide-pertussis vaccine, we measured class specific antibody against type b capsular polysaccharide in pre-and postimmunization sera from 25 of the subjects from St. Louis who were 9-23 mo of age, using an enzyme-linked immunosorbent assay. We found no significant differences in the IgM anticapsular antibody titers 1 mo after immunization in the seven children with Km( 1) compared with those in 18 children who lacked this allotype (F = 0.5, P = 0.5 by analysis of covariance). However, children with Km(l) had significantly higher IgG anticapsular antibody responses than those who lacked Km(l) (F = 10.7, P = 0.004 by similar analysis). The higher anti-capsular antibody responses of children with Km( 1) thus appeared to be primarily IgG and not IgM.
To determine whether the higher antibody responses of children with the Km( 1) allotype reflected higher total concentrations of serum Ig, we also measured the IgG and IgM concentrations in serum obtained before immunization from (Table III) . There were no significant differences in the frequency of Gm(23) among patients with meningitis, epiglottitis, or controls (for blacks: 11, 11, and 13%, respectively; for whites: 73, 70, and 66%, respectively; P > 0.5).
Discussion
The purified type b polysaccharide is a poor immunogen in children < 18-23 mo of age (24) . In this study, we used a Antibody responses to many bacterial polysaccharide antigens are thought to be thymic independent (40, 41) . In humans, both IgM and IgG responses to polysaccharide antigens are observed (23, 42 ) but it appears that the IgG responses may preferentially involve the IgG2 subclass (25) . Siber et al. (43) have provided data that the serum pool size of IgG2 in an individual may be an important determinant of the magnitude of the antibody response to certain bacterial polysaccharides, including the type b capsule of Haemophilus (43) . Therefore, we measured IgG2 concentrations in serum samples obtained before immunization from the subjects in this trial (44) , using a sensitive and specific inhibition radioimmunoassay (45) . Anticapsular antibody responses to vaccine were found to correlate with serum IgG2 concentrations (r = 0.3, P < 0.02). However, after correction for age, this variable (IgG2) no longer contributed significantly (P > 0.10). Thus, although IgG2 pool size may contribute, its effect appears to be confounded with age.
In the United States, black children have a three-to fivefold higher risk of developing Haemophilus meningitis than white children (1-3) . The present data suggest that the risk of developing Haemophilus meningitis among blacks is not uniform but is higher among the 40-50% of blacks who lack the Km( 1) allotype (Table III) . It should be noted that this finding was not present in whites (Table III) . In our study, race was defined by social criteria; that is, subjects were categorized according to the race indicated by their parents. However, from previous studies, many North American blacks have evidence of black-white racial admixture (46) . One method to estimate the proportion of genes that are of caucasian origin is to use the Gm locus, since certain alleles such as Gm(2), Gm(3), or Gm(21) are prevalent in whites but are absent in African blacks (47) . It was therefore of interest to compare the frequency of Km(1) among the black patients and controls after further subdividing them into those with African black Gm phenotypes, i.e., (1,17;5,13) , (1,17;5,6,13) , or (1,17;5,6) (Table III) . The fact that this finding was not present in whites in our study suggests that the immunogenetic background of white patients with epiglottitis or meningitis may be different from that of black patients.
We found no significant differences in the frequency of the Gm(23) allotype among the patient groups and controls, failing to confirm a preliminary report of a lower frequency of this allotype in patients with Haemophilus disease (19 
